As judged from the literature generalised amyloidosis is a rare condition in cats--10. HJARRE 5 found only one case in more than 300 feline autopsies, and cited 3 others from older literature. Recently NAKAMATZU et aLIa described the pathology of a single case which they regarded as one of primary amyloidosis.
Report of Cases
summarises the total material. Cats 5 and 6 were males from the same litter. From 8 to 52 weeks of age they had been fed a diet of raw bovine liver and milk to study bone lesions produced by toxic levels of vitamin A16. Their diet had been returned to normal for the 2)1z years preceding death. Amyloidosis was an unexpected finding in hepatic biopsy material taken 2 weeks before destruction for histopathological examination. These animals provided the tissues for the electron microscopic investigation. A third litter mate (a female) from the same experimental group did not develop amyloidosis. The remaining 5 cases of amyloidosis were found in cats presented for routine autopsy.
Histopathological Findings

General Properties of Amyloid in the Cat
Amyloid appeared in H&E-stained sections as a pink substance which varied in staining intensity in different areas of the same section and in different animals. Deposits were either amorphous or fibrillar. With Congo red the amyloid was pink and showed yellow to green birefringence with polarised light. It was invariably metachromatic when stained with crystal violet, and exhibited sharp secondary fluorescence after thioflavine-T. In each organ examined the pattern of amyloid distribution was the same in all cats.
II. Studies of Tissues Containing Amyloid
Kidneys
Kidneys from all cats were examined and all contained amyloid. Most of it was in the interstitial tissues between tubules, the largest amounts occurring in the medulla (Fig. 1 ). In 5 cats there were deposits in the glomeruli, and in some all glomeruli were affected. The extent of glomerular amyloid ranged from a small deposit at the vascular pole to entire replacement of the glomerulus by an avascular hyaline mass containing a few embedded nuclei. Eosinophilic hyaline casts were seen in the lumens of collecting tubules but did not stain positively for amyloid. All kidneys had wedge-shaped areas of advanced nephronic degeneration extending from the medulla to the cortex. These areas contained few normal epithelial cells but had interstitial accumulations of histiocytes and plasma cells and fibrosis. Serial sections indicated that the scars fanned outwards from the areas in the medulla where amyloid deposition was particularly heavy. Basement membranes were generally thickened and the parietal layer of Bowman's capsule often formed an 'epithelial crescent", particularly in areas of advanced tubular degeneration.
The cortical tubular epithelium between scars in the 6 male cats was extensively infiltrated with fat. In some areas degenerating epithelial cells distended with fat vacuoles had desquamated from their basement membrane and fused in the lumen to form a fatty cast. In the 4 cats from which frozen sections were examined, lipid was identified with oil red o. Unstained sections of this material also showed widespread fading pale green vitamin A autofluorescence in the fat deposits when examined under ultraviolet light.
Four spleens were available for examination. The one containing least amyloid appeared normal in H&E-stained sections, but after Congo red staining showed diffuse yellow-green birefringence in the capsule, trabeculae, and walls of small arteries. Small deposits were also identified in the red pulp and in some lymphoid follicles. In the other 3, deposits were heavier in all these areas, particularly in the red pulp.
Amyloid associated with smooth muscle formed a network of fibres between muscle cells, or occasionally large amorphous clumps separating them. In all spleens the intima and tunica media of arterioles contained the most intensely staining amyloid. Often these deposits extended outside the adventitia to form an investing layer. The amount of amyloid in the red pulp always exceeded that in the white pulp, and it appeared either as elongated strands lying outside sinusoidal endothelium or as larger amorphous clumps. Although diffusely distributed through the red pulp, the heaviest amyloid deposits were always juxtafollicular. In the most severely affected spleen the red pulp was largely replaced by amyloid ( Fig. 2) , the residual cells being recognisable only by their nuclei. Amyloid was visible occasionally in the cytoplasm of free undifferentiated mononuclear cells in the red pulp. In each spleen plasma cells were more numerous than normal.
Liver
Amyloid was in 5 of the 6 livers examined. In 1, it was restricted to the portal tracts, being in vessel walls and in the surrounding connective tissue. In the others the amyloid involved the lobules diffusely, lying principally in the spaces of Disse and sometimes forming continuous irregular layers between parenchymal cords and sinusoids. Such deposits appreciably narrowed the sinusoids. The infiltration was so heavy in cat 5 that the lobular architecture was disturbed by large clumps of amyloid surrounding atrophied hepatocytes and groups of hepatocytes.
In 3 livers there was extensive fatty infiltration in Kupffer cells, macrophages in periportal connective tissue, and in parenchymal cells. Sinusoids contained multinucleated fat-laden cells. The livers of the 2 cats which had experimental hypervitaminosis A 2 Yz years previously had similar changes except that there were no remaining fat-laden giant cells. Frozen sections were made from 3 livers and fat was identified Two of 3 sets of adrenals studied had moderate amounts of amyloid in the inner portions of the zona fasciculata and zona reticularis. The deposits were on the outside of sinus aids and extended between the cortical cells.
Thyroids
In the 4 thyroids examined, amyloid occurred as coarse fibres in the interfollicular connective tissue. Two contained so much amyloid that considerable follicular atrophy had ensued, followed by partial regeneration in the remaining follicles. Numerous degenerate follicles remained as isolated clumps of epithelial cells embedded in amyloid ( Fig. 3 ). One animal had parathyroid involvement with very large deposits in the walls of and around small blood vessels.
IJungs
Except for 1 lung which contained amyloid in thickened alveolar walls associated with chronic emphysema, and in the smooth muscle around bronchioles, deposits were restricted to the intima and media of arterioles.
Gastrointestinal Tract
Considerable amounts of amyloid were seen in the stomach and intestine of 4 of the cats (Fig. 4 ). Only the lamina propria and the vessels in the submucosa were affected. Where the infiltration was particularly heavy the overlying mucosa was ulcerated.
Electron Microscopy
I. General Properties of Amyloid in the Cat
Amyloid appeared as fine fibrils of variable length and 70± 10 A width. For the most part the fibrils were randomly orientated ( Fig. 5 ) but sometimes they were arranged parallel to one another forming bundles. Intracellular amy laid fibrils were mainly parallel whereas fibrils in close relation to collagen fibres had a random orientation. There was great variation in density of fibrils in the deposits, an intracellular location favouring a high density of fibrils. 
II . St ud ies of T issues Co nt a in ing Amyloid
Kidl7l!)'
Cortica l tissue alo ne wa s exa mined . In the g lo meru li, typ ica l am ylo id fibrils occ ur red in th e in terst itial tissue in d irect co ntact w ith capillary end o theliu m and co llage n fibr es. fibri ls with a similar ap- pear anc e were un ifo rm ly distribu ted through out th e cyto p lasm of so me g lo me rular ep ithe lia l cells. The dep osits between tubu les wer e random ly dist ributed, the fibri ls occ ur ring between epithelial cells and the ir basem ent membranes (Fig . 6 ) . The junctio n between epithelial cells and am yloid was ofte n indist inct. I n areas w here th e fib r ils we re 
Spleell
Becau se of the extensive amy loid infiltra tion in the sp leen of cat 5, no no rma l arch itecture co uld be recog nised in the red pu lp . Most fi eld s had extensive am yloid dep osits containing em bed ded cells. The few sinusoids which persisted displayed heavy amyloid deposits outside the endothelial cells. Amyloid fibrils were also seen in the endothelial cells and occasionally the fibrils appeared to extend between the cell cytoplasm and the exterior. A similar appearance with partial breakdown of the plasma membrane was sometimes observed in the many undifferentiated mononuclear cells which had their cytoplasm packed with amyloid ( Fig. 8 ). In the splenic capsule and trabeculae, randomly orientated amyloid fibrils separated the smooth muscle cells. This was also seen in the media of arterioles; vessels so affected usually had a thick layer of amyloid in the intima too.
Liver
Most of the amyloid in the 2 livers examined was in the spaces of Disse, the accumulates causing Kupffer cells to bulge into the sinusoidallumens. Where the deposition was heavy, amyloid had escaped into the sinusoids and surrounded blood cells. In the liver of cat 5 amyloid fibrils enveloped atrophied hepatocytes as they extended between these cells to link the spaces of Disse (Fig. 9 ). Many hepatocytes had invaginations in their plasma membranes in which amyloid fibrils were lying. In some, vacuoles containing amyloid fibrils were completely surrounded by cytoplasm suggesting inclusion was complete. Amyloid fibrils were uniformly distributed throughout the cytoplasm of many Kupffer cells. In other Kupffer cells, however, the amyloid was in fairly discrete intracytoplasmic clumps. Sometimes Kupffer cells contained both fat vacuoles and amyloid fibrils ( Fig. 10) .
Adrenals
The examination confirmed that the amyloid lay outside sinusoidal endothelium in the connective tissue of the cortex.
Tbyroids
Amyloid was exclusively extracellular in this tissue. It was in walls of blood vessels and in connective tissue, where it was closely related to collagen fibres.
F~g . 8. Spleen of cat 5. Und iffe ren tiate d monon ucle ar ce ll co n ta in ing den sely pack ed amy lo id fibr ils in its cyto plas m . In so me a reas the p lasm a membran e is indi st inc t, an d fib rils ap pear to ex te nd fro m t he ce ll cyto plas m to the exte rio r (a rrows) . A m yloi d fibr ils (A) su rro und t he ce ll. X 16,000.
Intestine
Onl y sma ll amo unts of am yloid we re fou nd in the sample of in testine exa mined . The fibri ls we re in th e co nn ect ive tissue of the lam ina propria arou nd and between collagen fibres. F~I!,. 9. Li ver of cat 5. Amylo id depos its (A) o rig ina ting from sp ace s of D isse sur ro un ding an at ro ph ied hepa to cyt e. X 4,000 .
Discussio n
Contracted kidn eys have been a common findin g in dogs with amyloidosis 5 . 1 2 • 11 and am yloid disease may be confused both clinically and histopathologically with chr onic int erstitial nephritis». Similar rena l lesion s have rec ent ly bee n described in 6 cats in which amylo id infiltratio n was restricte d to the kidneys>. Superficially all 14 kidneys from the 7 cat s studied here had chan ges resem blin g chronic interstitial nep hritis. It seems probable, ho wever, that am yloid deposition, which occ urred in the lar gest q uantities in th e medu lla, wa s r espo ns-ible for the wedge-shaped areas of nephronic degeneration, which in turn resulted in mononuclear cell infiltrates and fibrosis.
For the most part the electron microscopic observations of amyloid in tissues reported here are consistent with those reported by other workers in different animal species. Although there is some controversy in the literature as to whether or not amyloid occurs intracellularly, it is generally agreed that the substance is often found in reticuloendothelial cellss. Intracellular amyloid has also been observed in hepatic parenchymal cellse and in glomerular epithelial cells 1,4,3. No report could be found of intracellular amyloid fibrils in renal tubular epithelial cells. Typical fibrils were seen diffusely distributed throughout the cytoplasm in some of these cells in the 1 kidney examined by the electron microscope. Similar fibrils have been observed in the base of proximal tubular epithelial cellsis and in cells from the thin limb of Henle's loops in renal biopsies from healthy human beings. Whether these structures be also normal in cats, or part of the amyloid syndrome is being investigated. However, in the hepatocytes, invaginations of plasma membrane containing amyloid fibrils were common and mostly intracellular clumps of fibrils were surrounded by a distinct plasma membrane.
Although amyloidosis may occur without predisposing disease, it is unlikely that spontaneous amyloidosis be the explanation for all the cases reported in this paper. After carrying out histochemical studies on reticulo-endothelial cells during the experimental production of amyloidosis, TEILUM 1 8 suggested that the fundamental lesion is associated with failure of normal development and maturation of these cells under the stress of protracted stimulation. COHEN3 also concluded, after discussing various natural and experimental forms of amyloidosis, that the genesis of the amyloid fibril was most likely related to overstimulated reticulo-endothelial cells.
Chronic hypervitaminosis A in the cat causes marked activation of reticula-endothelial cells in the liver, lungs, spleen, and hepatic lymph node as these cells become laden with lipid containing vitamin A [6. This prolonged stimulation of the reticulo-endothelial system is probably comparable with that occurring, for example, in chronic infections leading to amyloidosis or in casein-induced amyloidosis». Chronic hypervitaminosis A is a common disease of cats in Queensland 17 and the evidence suggests that it may be associated with the seemingly high incidence of amyloidosis reported here.
Seven cases of generalised amyloidosis in the cat, occurring in 100 consecutive cat autopsies, were studied pathologically. Tissues from 2 of the cats were further investigated using the electron microscope. None of the cats had suffered from a prolonged infection, but one had had chronic allergic dermatitis. In 6 of the 7 cats chronic hypervitaminosis A coexisted with generalised amyloidosis. It is suggested that chronic hypervitaminosis A, which causes prolonged stimulation of the reticulo-endothelial system, may have predisposed to the high incidence of generalised amyloidosis reported in this paper.
ZtfsammenfassUJz~f!,
Sieben Faile von gencralisicrter Katzen-Amyioidose, die bei 100 aufeinander folgenden Katzen Scktiorien auftraten, wurden histopathologisch untersucht. Gewebe von 2 Katzen wurde ausserdern clektronenoptisch untersucht, Keine dcr Katzen hatte an einer langdauernden Infektion gelitten, aber eine harte eine chronischallergische Dermatitis gehabt. Bei 6 der 7 Katzen bestand eine chronische A-Hypervitaminose neben der generalisierten Amyloidose. Es wird angenommen, dass die chronische A-Hypervitaminose, die eine standige Reizung des Retikulo-Endothelialen Systems bewirkt, pradisponiercnd war fur das haufigc Auftreten von generalisierter Amyloidose bei den hier beschriebenen Fallen.
